The modern commercial broiler is the product of intensive genetic selection for rapid and efficient growth. An unintended consequence of this selective breeding has been the loss of the ability for self-regulation of feed intake to closely match the requirements for maintenance, growth, and reproduction. Thus, the broiler tends to overconsume feed, resulting in a range of metabolic and health problems related to the development of obesity. These problems progress with age and become a significant impediment to the production of parent stock. To manage this situation, broiler breeder birds must be subjected to severe feed restriction, beginning early in life, to ensure that appropriate BW and composition are achieved at critical phases of the production cycle. This review focuses on the female broiler breeder because this bird requires the most intensive management with respect to feed allocation throughout production to attain BW targets that ensure good livability and efficient egg and chick production. Background information is provided on the cellular and molecular mechanisms that regulate feed intake and energy expenditure in poultry. In addition, several examples are discussed with regard to the endocrine and metabolic consequences of different feeding regimens commonly used in the management of the female breeder during the rearing and egg-laying phases of production.
DESCRIPTION OF PROBLEM
The modern broiler breeder female is the product of intensive genetic selection for 2 important but conflicting criteria, rapid and efficient growth and a high rate of egg production [1] . Selection for increased juvenile BW and enhanced meat yield in broilers has also resulted in a disproportional increase in voluntary feed intake. Unlike layers that are able to self-regulate their feed intake to closely match the energy requirements for maintenance, growth, and reproduction, modern broilers, if given unrestricted access to feed, will overconsume well beyond what is needed to achieve energy homeostasis. As a result, they soon reach a state of positive energy balance, which progresses with advancing age. Although the negative effects of chronic positive energy balance are largely avoided in broilers raised to market BW, breeding stock are much more susceptible. Adult BW and composition are adversely affected, and breeder birds inevitably succumb to a range of metabolic and reproductive problems linked to the development of obesity if they are not carefully managed throughout the production cycle.
Efficient reproduction, health, and livability of the female breeder hen must be maintained while retaining all the genetic potential for rapid and efficient juvenile growth and high meat yield to be passed on to the next generation of broilers. However, it has been clearly shown that growth and reproductive fitness are negatively related production traits [2] . Therefore, effective management of the commercial broiler breeder inevitably involves a compromise. Body weight gain must be limited throughout production of these birds by reducing feed intake to minimize the occurrence of reproductive problems in the adult bird. This situation constitutes what has been referred to as the "broiler breeder paradox" [3] . That is, the seemingly impossible task of producing a bird that retains all the important broiler production traits while severely restricting its feed intake to limit BW gain. Continued selection pressure for increased juvenile BW gain and enhanced meat yield in the broiler will only further contribute to this dilemma by creating a bird that is increasingly unfit to survive as an adult [1, 4] . Thus, ad libitum feeding during rearing and egg production of female broiler breeders is no longer feasible. Instead, the producer must intervene early on by limiting the allocation of feed to attain specifically targeted BW profiles that seek to maximize reproductive fitness at sexual maturity. However, such intervention comes at a cost in terms of management and perceived welfare issues [1, 4] . To better understand how this situation has developed and what might be done in response, it is necessary to consider what is known about feed intake regulation in birds. This review provides background information concerning cellular and molecular mechanisms for regulating voluntary feed intake in poultry and explores some of the physiological and metabolic consequences of feed restriction regimens that are currently being used in commercial female breeder management programs.
MECHANISMS REGULATING FEED INTAKE IN POULTRY
The mechanisms regulating feed intake in poultry involve more than mere appetite control. Therefore, it is necessary to consider the underlying relationships between energy status and basic physiological processes that require energy, such as maintenance, growth, and reproduction. Body weight is set throughout the life cycle by coordinated adjustments to feed intake and energy expenditure. Specific mechanisms have evolved to sense cellular and wholebody energy status. These sensing mechanisms are coupled with unique signaling pathways that link peripheral tissues where energy is utilized or stored with the central nervous system (CNS), which regulates energy acquisition via control of feed intake. Although some aspects of the regulation of feed intake by the CNS and peripheral tissues in birds have been reviewed previously [5] [6] [7] [8] [9] [10] [11] , our understanding of the cellular and molecular mechanisms that integrate feed intake regulation with energy sensing in poultry remains quite limited. In fact, most of the discoveries concerning the regulation of appetite and energy expenditure have come from studies involving mammalian species. Because feeding and energy homeostasis are fundamental actions necessary for survival, it is logical to assume that the regulatory mechanisms governing these processes would be highly conserved in all animals [6, 7] . However, it is also clear that there are distinct functional differences in feed intake regulation between birds and mammals [8] [9] [10] [11] . This section discusses some of the emerging concepts of feed intake regulation in birds, with the objective of providing new insights into determining how this process might have been altered in the broiler breeder by decades of genetic selection for broiler growth and meat production traits.
Short-and Long-Term Regulation
The drive to feed ensures that immediate nutritional requirements are met. Appetite control is thus crucial to ensuring optimal nutrition and achieving full potential for growth and development in poultry. Control of feed intake in the short term (i.e., meal to meal) involves hormonal and neural signals originating mainly in the gut that are generated in response to the presence of feed or specific nutrients. Over the longer term, the level of body energy stored primarily in the form of lipid in adipose tissue is closely monitored. Adaptive changes in feed intake, digestion, absorption, and metabolism work together to maintain whole-body energy balance and BW in response to a constantly changing external environment. In addition to meeting immediate energy demands, feed intake can also be adjusted to ensure that energy is stored in anticipation of periods of high demand, such as egg production, or to compensate for periods of feed shortage or deprivation so as to maintain BW.
Signaling Molecules
A variety of signaling molecules are produced by peripheral and CNS tissues in response to changes in nutritional status. Included among these are neuropeptides, hormones, nutrients, and metabolites. For each of these signaling molecules to be active, specific sensors that recognize and bind them must be produced at sites of action. Sensors can be transmembrane receptors, enzymes, transcription factors, and transporters. Together, each signal and its cognate sensor form a signaling pathway that can produce localized effects within individual cells and tissues, or they can work globally on the whole-body level via actions in the CNS [10] . Scanes [12] recently reviewed the functions of the major hormones required to support normal growth in birds, which include growth hormone, triiodothyronine (T 3 ), and insulin-like growth factor-I (IGF-I). Insulin, glucagon, and corticosterone are the major hormones that control tissue metabolism. Each of these signaling molecules responds to changes in nutritional status, and each requires a set-point concentration in circulation to achieve optimal growth and tissue metabolism mediated by signaling through its cognate receptor.
The different peptide hormones that have been identified and studied in poultry with respect to their effects on feed intake are presented in Table 1 . Although many of these molecules are highly conserved, their function can sometimes be different in birds as compared with mammals [8] [9] [10] [11] . Ghrelin, a peptide hormone produced by the proventriculus, is an example of a signaling molecule that functions differently in birds, despite the fact that the structure and sequence of the ghrelin peptide and those of its receptor (growth hormone secretagogue receptor) are highly conserved. In mammals, ghrelin is a potent stimulator of appetite, whereas in birds, it strongly inhibits feed intake when administered centrally. Other examples of peptides exhibiting a different function in birds compared with mammals are included in Table 1 .
Another important aspect of signaling molecules concerns those produced specifically by adipose tissue. These molecules are referred to as adipokines or adipocytokines, and the discovery and subsequent characterization of leptin has highlighted an important role for adipose tissue as an endocrine organ. In Table 2 are listed some adipokine molecules that may be produced by adipose tissue in birds, although as of yet there have been no studies to systematically identify and characterize avian adipose-derived peptides. Adipokines exhibit a wide range of functions, including roles in feed intake regulation (e.g., leptin), insulin sensitivity (e.g., adiponectin), cardiovascular function (plasminogen activator inhibitor-1), and inflammation and immune function (e.g., IL-6). Moreover, individual adipokines such as leptin can have multiple actions on such processes as feed intake, ovarian maturation, bone remodeling, and tissue lipid metabolism. Some adipokines (e.g., leptin) are produced in proportion to the size of adipose tissue and thus act to signal the amount of body energy stores. Adipokines also play key roles in triggering the physiological and metabolic dysfunction that accompanies the development of obesity. Therefore, the amount of adipose tissue accumulated during growth and development is likely to be an important factor in determining the overall health and fertility of poultry.
Energy-Sensing and Metabolic Programming
The ability to sense energy status and adjust metabolic pathway activity in response is a basic function of cells in all animal species [13] . En-ergy-sensing pathways are present in the CNS and peripheral tissues of birds, and they represent another set of regulatory mechanisms that are used to modulate peripheral tissue metabolic activity as well as regulate feed intake and energy expenditure to maintain energy balance and BW [10] .
The AMP-activated protein kinase (AMPK) is a highly conserved energy sensor (an enzyme) that also regulates cellular metabolism [14, 15 , and the references therein]. The AMPK is a serine-threonine kinase and a central component of a kinase signaling cascade that is a critical control point for maintaining energy homeosta- Another important fuel-sensing kinase pathway involves the mammalian target of rapamycin (mTOR), a serine-threonine kinase complex that also responds to nutrient (e.g., amino acids) and hormonal (e.g., leptin, insulin) signaling. Like AMPK, mTOR responds to changes in energy status. However, unlike AMPK, mTOR is activated in response to elevated energy status [10] . Moreover, activation of AMPK leads to the inactivation of mTOR. In response to elevated energy status, mTOR stimulates the rate of cellular protein synthesis, growth, and proliferation commensurate with increased nutrient availability. Thus, AMPK and mTOR have overlapping but opposite functions with respect to controlling metabolic activity in response to changes in energy supply [10] .
Activities of the lipid, carbohydrate, and protein metabolic pathways in the CNS and peripheral tissues are coordinately regulated by both AMPK and mTOR [10] . The AMPK controls the activity of acetyl-coenzyme A carboxylase (ACC), the rate-limiting enzyme in fatty acid biosynthesis in liver, and thus plays a key role in the modulation of lipid storage in adipose tissue [15] . The mTOR plays an important role in insulin-induced protein synthesis in skeletal muscle and is therefore an important factor in determining the growth of this tissue [16] . The combined actions of the AMPK and mTOR kinase pathways represent a regulatory mechanism linking nutrient availability with tissue growth and development.
Central and Peripheral Regulatory Pathways
Coordinated regulation of feed intake and energy expenditure responds to external environmental cues (feed availability, feed composition, photoperiod, temperature, stressors) and internal physiological signals (hormone, nutrient, and metabolite levels). The brain, and the hypothalamus in particular, plays a pivotal role in interpreting all this information and generating the appropriate responses in feed intake and energy expenditure to maintain energy homeostasis [10] . The hypothalamic melanocortin system comprises the crucial feeding regulatory neural circuitry and is composed of 2 populations of neurons, one set that expresses neuropeptide Y (NPY) and agouti-related protein (AgRP) and a second set that expresses proopiomelanocortin (POMC), a precursor containing α-melanocyte-stimulating hormone. Stimulation of NPY/AgRP-expressing (anabolic) neurons mediates a net increase in feed intake and energy storage, whereas stimulation of the POMC-expressing (catabolic) neurons results in a net decrease in energy intake and storage. Activation of AMPK in the hypothalamus in response to lowered energy status stimulates activity of the NPY/AgRP-expressing (anabolic) neurons and thus leads to increased feed intake and reduced energy expenditure, which work together to increase energy status. Conversely, activation of mTOR causes increased activity of the POMCexpressing (catabolic) neurons, which in turn causes a reduction in feed intake and increased energy expenditure, thereby promoting the utilization of energy for maintenance, growth, and reproduction. Thus, balance in the activity of hypothalamic melanocortin system neurons is what ultimately determines whole-body energy balance and BW.
Changes in the circulating levels of leptin and insulin signal the hypothalamus to bring about long-term changes in energy balance by activating or inhibiting specific hypothalamic neurons. Leptin acts on the melanocortin system within the hypothalamus, either directly or indirectly, to reduce feed intake in chickens [17] . Similarly, insulin administered directly into the brain inhibits feed intake in chickens, and the anorexia produced in response to insulin signaling is associated with increased expression of POMC, cocaine-and amphetamine-regulated transcript, and corticotrophin-releasing hormone genes in the hypothalamus [18] . These effects may also involve an insulin-mediated increase in hypothalamic mTOR activity. Because plasma levels of both leptin and insulin rise and fall with increases and decreases in energy status, such as during fasting and refeeding in broilers, it is possible that these 2 key metabolic hormones could serve as peripheral signals of energy storage to the CNS in birds [10] . In doing so, they would be expected to play an important role in modulating hypothalamic melanocortin neural activity to produce appropriate changes in feed intake and energy expenditure to achieve energy homeostasis.
THE IMPACT OF SELECTION ON FEED INTAKE REGULATION GENES
Surprisingly, only a few systematic efforts have been reported that identify and characterize specific feed intake regulatory component genes in peripheral tissues and CNS in broilers as compared with other types of birds. Successful identification of such genes and the changes in their expression would provide potential genetic markers that may be useful in marker-assisted selection programs to address the problems affecting broiler breeders as well as to provide new insights into the genetic basis for regulating voluntary feed intake.
In a comparison of layer and broiler chicks, Yuan et al. [19] reported that there were no differences in the expression of hypothalamic neuropeptides, including NPY, AgRP, POMC, and orexin, between the 2 groups at 7 d posthatch, despite the fact that BW and feed intake were already markedly different at this age. Similarly, the expression of associated genes such leptin receptor, ACC, and fatty acid synthase was also similar between the 2 groups in the hypothalamus. However, broiler chicks expressed higher levels of the glucocorticoid receptor in the hypothalamus, which was associated with lower levels of corticotrophin-releasing hormone expression. This could account for increased feed intake in broilers. They also found higher expression of the fat mass and obesity-associated gene in broiler chicks as compared with layer chicks. The latter findings provide possible candidate marker genes, although that remains to be confirmed and validated. Byerly et al. [20] used cDNA microarrays and individual gene expression analysis to assess differential expression of anabolic/orexigenic and catabolic/anorexigenic genes in hypothalamic samples from fat and lean selected chicken lines. They reported that interactions between the neuropeptide brainderived neurotrophic factor and the hormones T 3 and corticosterone might constitute a mechanism linking hypothalamic energy regulation with body composition by controlling expression of specific CNS obesity network genes, including leptin receptor, POMC, NPY, AgRP, and thyroid-releasing hormone.
Ka et al. [21] compared 2 populations of chickens selected for BW at 56 d of age (selected for high and low weight) using cDNA microarray technology to determine differences in gene expression in a portion of the brain (diencephalon) containing the major metabolic regulatory regions, including the hypothalamus and brain stem. No definitive changes in expression of major regulatory components (i.e., neuropeptides and receptors) were detected and only small changes were found in genes thought to regulate neuronal plasticity and lipid metabolism. Thus, no specific candidate genes were identified, suggesting that the extreme differences in BW phenotypes were the net result of small contributions from multiple genes. The authors further suggested that selection over many generations for increased juvenile BW in chickens had caused CNS function to adapt at different rates posthatch in the 2 groups, and this may account for the observed differences in feeding behavior.
There has been some investigation using transcriptional profiling of liver tissue from lean vs. fat and fast-vs. slow-growing selected lines of broiler chickens to identify differentially expressed genes [22, 23] . Generally, these studies highlighted differences in metabolic enzymes and transcription factors, suggesting those genes as possible candidates for further study. These findings emphasize the importance of coordinately regulated metabolic pathways, such as the lipogenic pathway in liver, as critical control points for maintaining whole-body energy balance.
More studies are required to fully understand the genetic changes related to the control of feed intake and energy expenditure that have accompanied intensive selection of the modern broiler. One likely comparison that has not yet been undertaken, but that would provide highly relevant information, is to compare randombred (unselected) broiler strains with modern highly selected ones. Such a comparison was performed by Havenstein et al. [24] to demonstrate a 4.6-fold increase in growth rate between 1957 and 2001. Moreover, they reported that only 10 to 15% of the 6-fold improvement in carcass yield was accounted for by nutritional changes, with 85 to 90% of the increase attributable to genetics [25] . The application of new functional genomic techniques to analyze key tissues (brain, liver, skeletal muscle, gut, adipose tissue) from such populations would yield highly useful information concerning what has changed in response to selection for growth and meat yield in the modern broiler. This is especially relevant for the genes involved in feed intake and energy homeostatic regulatory mechanisms. Clearly, this is an area that merits further study.
FEED RESTRICTION IN FEMALE BROILER BREEDER MANAGEMENT
The central difficulty associated with the management of modern female broiler breeder strains involves the inability of these birds to adequately self-regulate feed intake during growth and development to achieve an optimal BW and composition needed to support efficient egg and chick production by the hen. Therefore, female breeders are subjected to a high degree of feed restriction early in life. It has been suggested that the 7-to 15-wk period of the pullet growth phase is the most critical period for limiting BW increase and thus represents the phase of production requiring the highest degree of feed restriction [26] . In fact, during the rearing phase, feed allocation can be reduced by as much as one-third of the intake of ad libitum-fed birds of the same age or approximately one-half that of birds at the same BW [27] . To achieve better flock uniformity in commercial breeder production, skip-a-day (SKP), 5-2, or 4-3 programs are often used in preference to providing a restricted amount of feed on an every-day (ED) basis [28] . Because of the severity of feed restriction imposed during the pullet phase of production, concerns continue to be raised about the effects on bird welfare [1] . However, the benefits of feed restriction to performance of the breeder hen are well known and include reduced BW, delayed sexual maturity, improved ovarian function with fewer multiple ovulations, higher egg production with better persistence and longer sequences, reduced numbers of abnormal eggs, and lower mortality during the laying period [1] . These observations support the need for feed restriction in the management of the broiler breeder because they demonstrate clear production benefits that outweigh the health problems associated with the development of obesity in unrestricted birds. Attempts to moderate or alleviate the need for feed restriction through the use of diet dilution (i.e., qualitative restriction) or the introduction of alternative genotypes, such as those containing the dwarf gene, have produced mixed results with respect to maintaining female breeder production efficiency [3] . Thus, a nonrestrictive feed management solution that balances production and welfare concerns does not appear to be a realistic possibility [1] . Because primary breeders maintain the selection pressure for increased juvenile growth rate and efficiency in subsequent generations of broilers, the divergence between broiler and broiler breeder BW targets continues to widen. As a result, the intensity of feed restriction will continue to increase to sustain adequate reproductive efficiency in the breeder female [4] .
To date, there have been only a few reports concerning the physiological and metabolic consequences of restricted feeding in the female broiler breeder. In light of the previous discussion of energy signaling and sensing mechanisms used to regulate feed intake in birds, it is important to determine the impact of feed restriction on innate regulatory mechanisms to better assess the implications for overall health and well-being of the managed bird. The following brief discussion focuses on what is currently known about the impact of feed restriction regimens currently in use on hormonal and metabolic profiles in the female breeder.
There have been 2 recent reports comparing the effects of commonly used feed-restriction regimens during the rearing phase, ED vs. SKP, on plasma hormones and metabolites and on hepatic lipid metabolism in pullets at 16 wk of age [29, 30] . Periods without feed in the SKP birds resulted in a variety of changes in the plasma hormone and metabolite profiles. These changes included increased thyroxine, corticosterone, and glucagon. Plasma free fatty acid (nonesterified free fatty acid) levels increased during fasting (period without feed) as a result of lipid mobilization to provide energy, and lipid mobilization was likely stimulated by the increase in glucagon. Plasma insulin, T 3 , IGF-I, and triglyceride levels were reduced in SKP compared with ED birds, whereas plasma IGF-II levels appeared less responsive to feed deprivation. In general, the 2 feeding regimens produced marked changes in endocrine and metabolite profiles despite the fact that an identical amount of feed was consumed over time by both groups. The differential effects on metabolism were most likely the result of the unique changes in hormonal signaling that accompanied the 2 restriction regimens. Skipping 24-h periods of feeding, as is practiced in SKP, 5-2, or 4-3 programs, is believed to set up a state of repeated fasting-refeeding cycles [27] . Such a condition is thought to affect overall metabolic efficiency because of the constant need to store and release greater quantities of nutrients than if they were provided on a regular (ED) basis. Because the storage and mobilization of nutrients is not a totally efficient process, such nutrient turnover likely accounts for the reduced efficiency of the SKP vs. ED birds [27] . The findings that SKP caused more dramatic increases in the expression of the liver lipogenic genes ACC, fatty acid synthase, and malic enzyme compared with ED reflects a greater fluctuation in nutrient and energy supply caused by the recurring 24-h periods without feed [29] . The benefits of improved flock uniformity associated with SKP programs must be carefully weighed against the potential savings in feed cost and possible improvements in performance and efficiency attainable by using ED programs [27] .
At or just before sexual maturity, most broiler breeders are typically switched to an ED feed allocation regimen with some degree of relaxation of the restriction. Whether the differences between ED and SKP feeding during the rearing period continue to affect birds after sexual maturity is unclear but merits further investigation. Without any feed restriction from hatch, breeder females can achieve a BW more than twice that of restricted-fed birds at the time of photostimulation, with double the amount of carcass fat at peak egg production [31, 32] . Because voluntary feed intake naturally declines and approaches ad libitum levels after BW reaches a plateau [31] , ad libitum feeding before photostimulation has been evaluated as a means to allow for enhanced nutrition to meet the needs for egg production and to relax the feed restriction. However, a rapid rate of BW gain at sexual maturity has also been shown to decrease egg production [1] . Figure  1 shows the concentrations of 4 major metabolic hormones (insulin, leptin, T 3 , and IGF-I) in plasma from breeder females switched to ad libitum feeding at 21 wk of age (1 wk before photostimulation) or maintained on an ED feeding regimen through the plateau period of egg production. The levels of insulin and leptin were elevated in the birds fed ad libitum, especially before and just after photostimulation at 22 wk in the critical period leading to sexual maturity (i.e., first egg) [33, 34] . Changes in circulating hormones such as insulin and leptin signal the status of energy storage (i.e., abdominal fat pad size) and, in conjunction with T 3 , they also help regulate hepatic metabolic programs such as lipogenesis, which is a key determinant of energy storage in the bird. The ad libitum-fed breeders demonstrated increased hepatic expression of the ACC gene, which persisted throughout egg production ( Figure  2 ). Similar findings were also noted for the expression of other lipogenic genes in the liver of ad libitum vs. restricted birds [33] . Changes in hepatic lipogenic enzyme gene expression were accompanied by increases in fat pad size and ovary weight compared with restricted-fed birds (Figure 2 ). These processes are linked and coordinately regulated in the breeder hen. Reduced total egg production and an increased number of abnormal eggs in response to ad libitum feeding were observed [33] . Together these Figure 1 . Plasma levels of the major metabolic hormones insulin, leptin, triiodothyronine (T 3 ), and insulin-like growth factor-I (IGF-I) in female broiler breeders fed ad libitum (Ad Lib) or maintained in feed restriction from 21 wk of age (Restricted). Plasma samples were collected before photostimulation (prelight, 22 wk), after photostimulation (postlight, 24.5 wk), at first egg, and at the plateau of egg production (36.5 wk). All values represent the mean ± SEM of 21 (pre-and postlight) or 40 (first egg and plateau) analyses. Different letters (a-f) designate significant differences (P < 0.05). Data depicted are from Sun et al. [34] .
findings emphasize the benefits of maintaining feed restriction (i.e., ED regimen) throughout the egg-laying period.
Previously, it was shown that the multiple hierarchies and erratic ovulation that accompany ad libitum feeding of breeders are associated with abnormal regulation of follicle maturation and steroidogenesis in the ovary [1] . It is possible that increased circulating leptin levels observed in ad libitum-fed breeders affected ovarian follicular maturation because the levels of leptin receptor are upregulated in these birds during maturation of large yellow follicles [35] . Furthermore, administration of leptin to laying hens is known to advance sexual maturation by increasing follicular development and reducing apoptosis [36] . Therefore, it is possible that leptin could play a significant role in ovarian dysfunction in ad libitum-fed breeder hens [35] . However, an association between abdominal fat pad size (i.e., source of leptin) and the potential effects of leptin on ovarian function remains to be shown in birds. Moreover, defining a role for leptin in ovarian function is complicated by the controversy over the existence of the avian leptin gene [10] . Solving the controversy surrounding this hormone will greatly aid our understanding of the potential role(s), if any, of leptin in avian biology. Changes in plasma IGF-I observed between restricted and ad libitum-fed breeders (Figure 1 ) could also have potential effects on the ovary because this growth factor is known to play an important localized role in ovarian function [37] .
In summary, different feeding regimens used during the rearing and egg-laying phases of production have important effects on hormonal levels and key metabolic pathways in the female broiler breeder. Understanding the links between feed management and the consequent effects on hormones and metabolism will aid producers in meeting the nutritional requirements of birds at different phases of production through better feed management practices.
CONCLUSIONS AND APPLICATIONS
1. Feed restriction has now become an important and indispensable management tool for female broiler breeder production. How feed allocation is managed can have a significant impact on female breeder performance. This will become even more important as the selection pressure for increased growth and meat yield is increased with successive generations of broilers. 2. There is a need for more information concerning the underlying changes to feed intake regulatory genes brought about by intensive selection of broilers for growth and meat yield to provide a rational scientific basis to improve future selection indices for more efficient birds that are not adversely affected as adults. 3. There is likely going to be no good solution to the broiler breeder paradox. Continuing changes to commercial broiler and broiler breeder BW targets over the past 3 decades emphasize the increasingly difficult situation for relaxing or even eliminating feed restriction as a management tool for female broiler breeder management to address welfare concerns [4] . Target weights are not static, and they are constantly changing with changes in genetics of commercial birds. In fact, it is no longer clear what a "normal" BW is for the modern meattype parent stock because current growth curve BW targets are based on optimizing reproductive efficiency and not on achieving full genetic growth potential [1] . 4. It is now generally recognized that caloric restriction can improve health, mitigate metabolic disease, and prolong the lifespan in model organisms such as the worm, fly, and mouse [38] . This may actually be true in commercially raised poultry as well. The goal would be to develop feeding regimens such that the increasing genetic potential for growth is more precisely matched with the caloric demand so as to promote health and well-being in the female broiler breeder.
